The semiarid region is extremely fragile to anthropogenic actions. Thus, the objective of this study is to evaluate the physical and chemical attributes of soils with different agricultural uses. The research was carried out in the municipality of Governador Dix-Sept Rosado. Fertility and physical analyses were performed. The results were interpreted by multivariate analysis. The soils that presented a eutrophic character were influenced by lithology. In the Cambissolo (Haplustepts), there was an increase in the limits of liquidity and plasticity due to the increase of the clay fraction and total organic carbon. By the particle size analysis, the profiles presented variations in textural classes. We concluded that the physical attributes moisture, liquidity limit, plasticity limit, clay plasticity index, thin sand and the chemical attributes pH, (H + Al), V and PST were the most sensitive for the distinction of environments. The studied areas presented acidity reactions to alkalinity with presence of Al 3+ , (H + Al) and high salinity.
Introduction
The semiarid region has environmental variability, especially in relation to geological materials, relief, vegetation, and some important variations with respect to the climate. Due to such variability, there are significant soil differentiations in the environments that integrate the surface occupied by the Caatinga biome. Nevertheless, the soils of this region are intensely degraded mainly due to anthropic actions that do not take into account local peculiarities, making the region more susceptible to the processes of degradation.
As the rainfall regime decreases, less chemical weathering occurs, and lithology becomes increasingly prominent in the differentiation of soil characteristics and properties, reflecting in strong correlation with material of origin and influence of the relief (Coelho, 2016) .
The evaluation of soil physical and chemical attributes is of extreme importance due to its sensitivity to changes in quality, since it may provide subsidies for the establishment of adequate systems of soil management and agricultural crops, contributing to the maintenance of agroecosystems.
Studies evaluating soil attributes in the western mesoregion of the state of Rio Grande do Norte (RN) are scarce since their quantification with different uses and environments, in an integrated way, is necessary for the understanding and the consequent adoption of practices appropriate to local particularities.
In view of the above, this study was carried out with the objective of evaluating the physical and chemical attributes of different agricultural uses, detecting the most sensitive attributes in order to identify the potentialities and/or restrictions for soil use and conservation in the mesoregion of the western part of the state of Rio Grande do Norte (RN) for the distinction between environments through the technique of multivariate analysis.
Method

Description of the Study Area
The research was carried out in the municipality of Governador Dix-Sept Rosado in different soil classes. According to Köppen, the climate of this region is classified as hot semiarid with an annual average rainfall of 712 mm from February to May (Beltrão et al., 2005) .
The study areas were defined as 01-Cambissolo (Haplustepts) area (Profile 1) (AC), 02-Eutrustox area (Profile 2) (AL), 03-Cambissolo 2 (Haplustepts 2) area (Profile 3) (AV) ( Table 1) . The municipality of Governador Dix Sept Rosado has the profiles 1, 2 and 3: Cambissolo (Haplustepts) (Area (AC)), with local hyperxerophytic deciduous Caatinga vegetation, and at the time of collection there were planting of corn and sorghum; Latossolo (Eutrustox), with a native forest vegetation containing deciduous hyperxerophilic Caatinga; and finally, Cambissolo 2 (Haplustepts 2), with existing deciduous hyperxerophilic Caatinga vegetation.
Analyses of Soil Chemical Attributes
Soil collections for the research were carried out according to the Brazilian Soil Classification System (Santos et al., 2013) e Soil Taxonomy (Soil Survey Staff, 1999) .
The chemical attributes evaluated were hydrogen potential (pH) in water, electrical conductivity (EC) in water, total organic carbon (TOC) by digestion of organic matter, exchangeable calcium content (Ca 2+ ) and exchangeable magnesium (Mg 2+ ) using the extractor potassium chloride, potential acidity (H + Al) using calcium acetate, and phosphorus (P), sodium (Na + ) and potassium (K + ) using Mehlich 1 extractor. Consequently, cation exchange capacity (CEC), base sum (BS) and base saturation (V) were calculated and analyzed according to [4] . They were interpreted according to the Manual of Recommendations for the use of correctives and fertilizers in Minas Gerais [14] .
Analyses of Soil Physical Attributes
The particle size was obtained by the pipette method, using a chemical dispersant (sodium hexametaphosphate). Pre-treatments were performed on the samples of the diagnostic horizons that showed effervescence by adding 10% HCl (Teixeira et al., 2017) .
Soil consistency tests were determined according to Teixeira et al. (2017) based on liquidity limits (LL) using the Casagrande apparatus. The plasticity limit (PL) was determined by collecting representative samples of the central part of the soil shear in the metallic sphere of the equipment from the determination of the liquidity limit and forming a sphere, which was compressed on a glass plate until forming a cylindrical rod 3.0-4.0 mm in diameter without breaking or flowing. This procedure was performed in four replicates per horizon diagnosis for the respective soil classes. Gravimetric moisture was determined in plasticity in soil rods. The plasticity index (PI) was determined by the difference between (LL) and (PL).
Statistical Analysis and Interpretation of Results
Multivariate analysis techniques were used as the main tools, specifically Principal Component Analysis (Statistica, 2004) , to distinguish the soils surveyed.
As a tool to distinguish areas of agricultural uses, diagrams of the main components (Factors 1, 2, 3, 4 and 5) were made for the physical attributes (grain size, consistency indexes) and chemical attributes (pH, CE, TOC, P, K + , Na + , Ca 2+ , Mg 2+ , (H + Al), BS, V, ESP) together. From these data, two-dimensional diagrams were created to distinguish the areas of soil collection and vector projection diagrams in order to distinguish the attributes of the soil that most differentiated the areas surveyed.
Results and Discussion
Analysis of Chemical Attributes
By analyzing the chemical attributes of the soils in the respective diagnostic horizons, it was verified that there was variation in pH values between the classes of soils, varying from 4.45 to 6.52 (Table 2 ).
The alkalinity occurs more naturally in arid and semiarid regions where, due to the low rainfall, the accumulation of salts, especially of calcium, magnesium and sodium carbonate, is among the exchangeable bases (Buckman, 1989) . There was a pH variation of 4.45 to 5.34 in the Latossolo (Eutrustox) (Profile 2), showing acidity, which can be justified by its higher location in the landscape (97 m), favoring intense chemical weathering, with loss of the basic cations by leaching. As for EC, it was observed that the highest amounts of salts were found in the subsurface in the profiles Cambissolo 2 (Haplustepts 2) (Profile 3) (1.37 dS m In arid and semi-arid regions, in addition to low rainfall, high evaporation tends to concentrate the salts on the soil surface, which is the most exploited layer by the root system of the crops (Batista et al., 2002) .
The Latossolo (Eutrustox) (Profile 2) presented low and uniform EC values in the profile ranging from 0.23 dS m -1 to 0.54 dS m -1 , and may be justified by lithology, consisting of tertiary arenitic sediments of pre-Cambrian origin (Jacomine, 1971) .
By evaluating the TOC (Table 2) ). This may be related to the shear area contributing to the values found. In the Latossolo (Eutrustox) (Profile 2), the presence of organic matter can be due to the binding of organic acids to chemical elements such as aluminum and manganese. In general, Caatinga soils are considered shallow, with a good fertility and deficiency in organic matter due to the decomposition influenced by the climatic (Linhares & Gewandszbajder, 1998) .
The phosphorus (P) levels in the evaluated soils were high. Silva et al. (2008) verified a high P content in cultivated areas in relation to native forest, according to the work under study. In relation to the distribution of the phosphorus of the profile, Kiehl and Lambais (1994) stated that this element's content is higher in the surface and decreases according to the depth.
By analyzing the profiles (Table 2 ) with respect to base saturation, there was a high base saturation, considered eutrophic (V > 50%), except for the Latossolo (Eutrustox) (Profile 2). In Latossolo (Eutrustox), generally, the main limitation is a low natural fertility, because they are dystrophic soils with a low base saturation (EMBRAPA, 1997).
The amount of Ca 2+ was greater than 4 cmolc.dm -3 in Cambissolo 2 (Haplustepts 2) (Profile 3) and Cambissolo (Haplustepts) (Profile 1) (Table 2) , which can be considered as very good. This is due to the geology of the region, where soils are classified as Cretaceous of the group Apodi, limestone Jandaíra and Arenito Açu. This element, as Meurer reports (2000) promotes the flocculation of clays, besides contributing to an increase in the biological activity, which favors the aggregation of soil particles. Thus, it presents deficiency in infiltration, and consequently physical limitations on drainage. The material of origin (Jandaíra limestone) in the process of weathering dissociates calcium carbonate in the soil system. Because it is in a semiarid region, the environment presents a low weathering, irregular rainfall regime and high temperatures, becoming conditioning factors for the maintenance of exchangeable bases (Beltrão et al., 2005) .
Cation exchange capacity was considered very good (CEC > 8) for Cambissolo (Haplustepts) (Profile 1) and Cambissolo 2 (Haplustepts 2) (Profile 3). Most CEC of these soils is occupied by essential cations such as Ca 2+ and Mg 2+ in function of the type of clay originating from the source material (Jandaíra limestone) with predominance of ilite (2:1), mica (2:1) and vermiculite (2:1). One can infer a greater natural fertility of these soils (Ronquim, 2010) .
Analyses of Soil Physical Attributes
The results of the particle size distribution and its textural classification are presented in Table 3 . In general, the profiles under study presented variation in the textural classification. An increase in the subsurface clay fraction was observed for all soil classes. The areas surveyed had high clay contents, 418.99 g kg -1 in Cambissolo 2 (Haplustepts 2) (Profile 3), 401.18 g kg -1 in Cambissolo (Haplustepts) (Profile 1) and 441.96 g kg -1 in the Latossolo (Eutrustox) (Profile 2). The physical-chemical properties of the clay fraction define the high specific surface area, the development of surface electric charges, where cationic exchanges occurs, as well as a greater retention of water in the soil profile. However, they are more susceptible to compaction, being easily modified by anthropic behavior related to the traffic of animals and machinery in the areas, without observing essential criteria regarding inorganic fractions and soil water content due to the predominance of micropores (Santos et al., 2009 ). In the Latosol (Profile 2), it was verified a higher concentration of the sand fraction, which may be related to the location in the landscape (high). High values of sand fraction were found in forest fragment soils in comparison with degraded areas, being the expressive quantity on the Surface (Nogueira, 2000) .
By analyzing Table 4 , referring to consistency, it was observed that in Cambissolos (Haplustepts) (Profile 1 and 3) there was an increase in the liquidity and plasticity limits due to the increase in clay content, especially the first profile, with a maximum value of 33.30 for the Cambissolo 2 (Haplustepts 2) (Profile 3) and 21.40 for the Cambissolo (Haplustepts) (Profile 1), thus reflecting extreme LL and PI values.
In the Latossolo (Eutrustox) (Profile 2), there was a decrease in these limits in function of the sandy and loam textures (horizons A and AB) and sandy clayey (BA and B horizon), thus favoring the infiltration of water in the soil, reflecting in smaller values of PL, lower values when compared to the other profiles. The Latossolo jas.ccsenet.org Journal of Agricultural Science Vol. 10, No. 11; 2018 (Eutrustox), due to the presence of a similar clay content between the latossolic A and B horizons at greater depth, facilitate the infiltration of water, which reduces erosion.
According to the classification suggested for plasticity index (PI) by Caputo (1987) , all classes on the surface were moderately plastic (7 < PI < 15), as well as Cambissolo 2 (Haplustepts 2) (Profile 3) in the subsurface. The subsurface Latossolo (Eutrustox) (Profile 2) and Cambissolo (Haplustepts) (Profile 1) were classified as poorly plastic (1 < PI < 7).
There were increases in the liquidity and plasticity limits with the increase of the clay fraction and total organic carbon, and a decrease in the increase of the total sand fraction in the Cambissolo 2 (Haplustepts 2) (Profile 3). This is due to the predominance of clay minerals, with a higher specific surface area and an increase in the clay fraction's ability to interact with water and increase the lubricating effect of this clay, resulting in the rearrangement of smaller particles on top of each other, which increased the plasticity index.
The increase in values of plasticity limits in the Cambissolo (Haplustepts) (Profile 1) shows a special care regarding soil management, since the interval for the preparation is reduced due to changes in the types of consistency governed by soil moisture and clay content in the studied soil class.
The characteristics of the profile of Cambissolo (Haplustepts) (Table 3) shows that it is an underdeveloped soil with an incipient B horizon. It presents a small increase of clay from the horizon A to Bi, and has good agricultural potential regarding fertility, although it has as physical restrictions slow drainage and infiltration.
Because it is shallow, there is a need for conservation practices because of the greater susceptibility to erosion processes. Table 4 . Values of moisture, plasticity limit, liquidity limit and plasticity index of soil profiles
Horizon Diagnosis (cm) Gravimetric Humidity Plasticity Limit Liquidity limit Plasticity Index The Cambissolos (Haplustepts) (Profile 1 and 3) (Table 3) show a significant restriction to water percolation due to the high clay content. Its drainage is inefficient and its main limitations are related to the use of machines in the rainy season, low infiltration of water and slow drainage, favoring fluidity (superficial flow). It does not present silt in this layer, because it is an old soil, due to the intense chemical weathering.
In the Latossolo (Eutrustox) (Profile 2) (Table 3) , a greater effective depth (0-140 cm) was verified, not presenting silt within its diagnostic horizons, as is characteristic of this class, providing high permeability to water, being able to be more easily well drained. Latossolos (Eutrustox) are suitable for use of annual, perennial, pasture and reforestation crops.
Statistical Analysis
According to the factorial loads of the chemical attributes and their respective eigenvalues, total observed and accumulated variances, the Factors 1, 2, 3 and 4 were obtained as main results, which explained 81.80% of the data variation, considering only the variables highlighted (Table 5) .
Thus, we can conclude that the Factor 1, considered a factor of greater influence in the differentiation of soils under different systems of uses, is related to acidity. The soil acidity refers to its ability to release protons, passing from one state to another in relation to a reference (Jackson, 1963) . This represents the potential acidity (H + Al), aluminum (Al 3+ ), V, pH and ESP, where the former contrasts with the others. The increase in pH consequently leads to a decrease in Al activity; such increases in pH may have beneficial or deleterious effects on plant growth.
In alkaline or lime soils, increasing pH may lead to a lower availability of micronutrients, such as Fe, Mn, Cu and Zn (Souza, 2007) . In acid soils, an increased pH may result in a decreased Al activity and, in some cases, Mn activity, as well as increased availability of some nutrients (Silva & Mendonça, 2008) .
The most important Factor 2 is represented by the basic cations Na + (sodium), K + (potassium), BS (Base Sum) and the Factor 3 by aluminum (Al) and aluminum acidity (m). We observed that both are related to soil fertility.
Base saturation is an excellent indication of general soil fertility conditions and is used to complement soil nomenclature. According to Melo et al. (1983) values of BS, CEC and V are of great importance in relation to soil fertility and the use of fertilizers and correctives. The dystrophic soil probably will be acidic and may affect crop development, which can be verified in the Latossolo (Eutrustox) (Profile 2).
Factor 4 relates the importance of the macronutrient Ca 2+ found in a greater quantity in the studied soils. Higher amounts of calcium in this study were found in Cambissolo (Haplustepts) (Profiles 1 and 3) due to the geology of the regions, where these soils are classified as Cretaceous of the Apodi group, Jandaíra limestone and Arenito Açu. They also accumulate organic residues. Note.
(1) Factorial loads obtained by the rotation of the varimax method (2) For the purpose of interpretation, factorial loads ≥ 0.70 were considered significant.
The analysis of Figure 1 , which represents the projection diagrams of the vectors for soil chemical attributes, confirms the influence of the chemical attributes to differentiate the soils using different systems.
The Factor 1, generated for the chemical attributes of the soil, explained 35.24% of the total variation of the attributes studied, and the highest correlation coefficients were identified for the variables (H + Al), V and pH, that is, these attributes were more sensitive in the distinction of soil classes.
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This shows the factorial loads of the physical attributes of the analyzed soils, their respective eigenvalues and total observed and accumulated variances, through which we can conclude that the Factor 1, considered a factor of greatest influence on the differentiation of soils under different systems of use, is related to soil consistency. It represents moisture, liquidity limit, plasticity, plasticity index, clay and thin sand, where the latter contrasts with the others.
The limits of liquidity and plasticity generally depend on the quantity and type of clay in the soil. The plasticity index, however, depends on cementing agents. In practice, the soil can be characterized by its plasticity index and its liquidity limit. In general terms, texture is one of the properties of the soil that most correlates with the manifestations of consistency.
Coarse textured soils are generally non-plastic and non-sticky when wet, friable when moist and loose when dry. Fine-textured soils are plastic and sticky when wet, firm when wet and hard when dry (Ranzani, 1969) . As in the case of this study, the Latossolo (Eutrustox) (Profile 2) and Cambissolos (Haplustepts) (Profiles 1 and 2) soils with more sandy texture were classified as poorly plastic.
Factor 2 represents coarse sand, contrasting with silt. The analysis of Figure 3 , which shows the projection diagrams of the vectors for the soil physical attributes, confirms the influence of the chemical attributes to differentiate the soils using different systems. or 1, generated studied, and and thin sand, ed in the vecto e Factor 2, wh attribute in the relation to the g cerosity and s ysis of dendro variables that w 0%, three grou and PI and th he Liquidity an Noe.
This shows the factorial loads of the chemical and physical attributes of the analyzed soils, their respective eigenvalues and observed and accumulated total variances, with which we can conclude that the Factor 1, considered a factor of greater influence on the differentiation of soils under different systems of use, is related to moisture, PL, LL and clay, interpreting that for the differentiation of the land uses these physical attributes were more important than the chemical ones. Moisture governs the adhesion and cohesion forces of soils (consistency) influenced by the clay fraction.
The relation between these attributes in Cambissolos (Haplustepts) (Profiles 1 and 2) was noted, where there was an increase in the liquidity and plasticity limit due to the increase of the clay content, and also for the Latossolo (Eutrustox) (Profile 2) there was a decrease in these limits in function of the textural classification sandy loam and sandy (horizons A and AB) and sandy clayey (BA and B horizon).
The Factor 2 is related to acidity through potential acidity (H + Al), V (Base Saturation) and pH, where the former contrasts with the others. Factor 3 represents aluminum (Al 3+ ) and acidity by aluminum (m). Factor 4 represents Na 2+ , BS (Base Sum) and silt. Finally, the Factor 5 relates to the importance of the macronutrient Ca 2+ found in greater quantity in the studied soils.
The analysis of Figures 5 and 6 , which shows the projection diagrams of the vectors for the soil physical attributes, confirms the influence of the physical and chemical attributes to differentiate soils using different systems. The Factor 1, generated for the chemical attributes of the soil, explained 37.03% of the total variation of the attributes studied, and the highest correlation coefficients were identified for the variables moisture and liquidity limit, that is, these attributes were more sensitive in the distinction under different systems. This can be observed in the vector projection diagram, where these attributes are more distant from the axis of the Factor 1. 
